D isturbances of the needles of the electric telegraph were noticed very soon after the completion of the first working lines. They were at once seen to be due to causes exterior to the apparatus itself.
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various quarters of the globe, of auroral manifestations, disturbed magnetometers, and earth-currents in telegraph wires, of which latter more than one case is mentioned in which the ordinary telegrams were transmitted by aid of the electricity thus presented to the wires. » ^ , < Archives des Sciences Physiques, are two articles by Professor A. D e la Hive on this same disturbance (tom. vi. Nouvelle periode, pp. 49 to 59, and 275 to 288, being in the Numbers 21 and 23, issued respectively on September 20 and November 20, 1859). M. De la Hive has availed himself of the phenomena recorded on these days in further illustration of his electrical theory of the Aurora, which will be found in detail in the third volume of his ' Treatise on Electricity,' p. 283, English Translation.
In looking over the records collected by Professor Loomis, and those which had been supplied to M. D e la Rive, it was plain that we, who have the direction of systems of electric telegraph, had, to a certain extent, failed in our duty. For myself, I had, it is true, received week by week certain returns from a few places in the district under my charge; but they had neither been discussed nor published; so that when M . D e la Rive stated in reference to certain Paris observations, " Malheureusement le sens des courants transmis par les fils telegraphiques n'a pas pu etre indiqud exactement " .
p. 57), I took the matter up more actively, the more so as he was under a misapprehen sion (to which I shall refer presently) for lack of information. The net of telegraph wires upon which my observations have been made, occupies the south-eastern portion of England. The wires are spread over the counties of Kent, Surrey, Sussex, and Berkshire. In a general way, the district may be regarded as bounded on the N. by the river Thames, and on the E. and S. by the British Channel, the other southern counties of England being on the western side. A map of this por tion of England is given (Plate II.). The district includes a large number of telegraph stations and other groups of telegraphs, in addition to those which are set out on the map. I have selected various telegraph terminal stations, and taken them in pairs, not giving, as they are not necessary to our purpose, any of the intermediate stations; and have re garded the two stations of each pair as connected by a direct line. It will be evident at a glance that I am in possession of lines in various azimuths. There are eighteen selected lines in all, and each is in a different azimuth. A few more could have been found; but as they occupy only intermediate places, and connect stations where observations cannot conveniently be made, they are rejected. It will be seen that the railway routes between any two stations (and they are also the routes of the telegraph wires) are often devious, while the lines which are to form the basis of this inquiry are direct. In approaching the subject, I take it that a current or drift or flood of electricity is passing at a given time and in a given direction through the mass of the earth. Our telegraph wires pene trate the earth at their respective terminations, probing or sounding, as it were, into this then pervading stream of electricity. They penetrate by the aid of the gas-pipes and waterpipes in towns, by pumps and wells in country places, occasionally by a plate of copper sunk deep in the wet soil, and very frequently by the metals themselves of the railway, the latter method having been more available since the custom of fishing or connecting the consecutive rails together with a plate of iron has prevailed. The electricity col lected from the earth by these probes or earth-plates appears in our wires as a current. It enters a wire at the station nearest to the point of the horizon which the current is flowing, and leaves it at the station nearest to the point of the horizon toward which it is flowing. In Table X I. the direct distances between the respective terminal stations are given in the fourth column, and the telegraph distances in the fifth. A few cases occur in which the difference is considerable, which is when the railway route is circuitous. I may state here that the reason why the Margate-Ashford telegraph route is nearly double that of the direct route, is because the wires make a loop to Deal, and thence vid Ramsgate to Margate. The effect of this extra length o f wire being between the respective earth-plates is, of course, from the increase of resist ance, to diminish the value of the derived current. The Margate-Ashford is, as we shall see hereafter, our most active circuit; it would show values still higher were the connecting wire in a direct line.
I regretted to find that the returns which reached me of the telegraph disturbances o f August-September 1859 were unusually meagre. The fact appears to have been that the disturbance was of such magnitude and of so long continuance, and this at the busy season when the telegraph is more than usually required, that our clerks were at their wit's end to clear off the telegrams (which accumulated in their hands) by other less affected but less direct routes. A t a time when observations would have been very highly acceptable, they were too much occupied with their ordinary duties to make notes of the deflection of the needles and the changes. And I may here advert to the circumstances with which we are surrounded, and the conditions under which our observations are made. The wires and telegraph instruments are erected for com mercial purposes; they are, as a rule, very fully occupied. The clerks or employes in charge of the instruments have their various duties to discharge, and have not much time at their command. I am on this account the more indebted to them for the interest they have evinced in these observations, and the unusual diligence with which some of them have made notes of what they have seen. And I may especially refer to J . D yke at Ashford, D . M alpas at Ramsgate and T. P ulley at Ramsgate, and then at Canterbury. They have proved themselves able volunteers in the cause of science.
The Astronomer Royal, in his " Report to the Board of Visitors," on June 2, 1860, says " it is extremely difficult to extract from the accounts, even the careful ones, of telegraph clerks, such an idea of the phases of the currents as will make them com parable with the phases of magnetic storms." I can well enter into Mr. A iry's views; and if I plead guilty to having not furnished him with observations made on my district, to compare with the other observations that have reached him, it is because I have not heretofore had the opportunity of fairly discussing the crude facts that have accumulated i& my hands. H e further adds that " it may be worth considering whether it would ever be desirable to establish in two directions at right angles to each other (for instance, nating at Ashford and Ramsgate; the third, on the short group from Ramsgate to Margate, is less delicate. I may mention that arrangements of this kind are general, the long circuits being furnished with the best instruments. This Table is a good specimen o f the notes that are usually taken, and of the manner in which the returns are sent in. In the column headed " Direction," the observers insert the letter to which the telegraph needles point; I have substituted for this the direction in which a derived current of positive electricity would be travelling when that letter was made. By N., I mean a positive current passing from the station that is more northerly to the one that is more southerly, and by S. vice versd. And in all cases, as well in this as in the Tables and diagrams that follow, the magnetic north is referred to. The value of the deflections observed on the needles are in this Table expressed in very general terms. The word " hard over" m eans45°, or thereabouts; " horizontal," 80° or more, in fact as far over as it can well go. I have placed a copy of this Table in the hands of Professor E lias L oomis, as he had no continuous series like this in the collection of observations that he had published. It contains some of the details for which M. D e la R ive inquired. This Table may be taken as correct as far as it goes. It contains many blank spaces, the observations having necessarily been discontinued from time to time. The changes of the needles from right-hand to left-hand deflections are gradual. One of my best observers says, " I have not at any time known the needles to return suddenly from their deflected position. I have frequently observed them to pass very quickly from one side to the other in a gradual manner, as though worked round by some slow-moving ma chinery, but never to drop suddenly. I have also observed the needles to partially right themselves, and then to be brought back again to quite as strong, and frequently much stronger deflected position." The manner in which the change from a north to a south current is brought about is very remarkable; it is evidently no drift of a " circular magnetic storm," so to speak, nor is it any kind of axial rotation. To all appearance the north current gradually fades away, and the south as gradually rises and increases in value. W hen a series of lines converge from various points of the horizon, the change of deflection on one instrument is accompanied by a change on all the others; and this is the case throughout the district. And it has been observed that needles of the most active groups are a little less sluggish in these changes than are the needles of the less active groups. In the midst of storms the needles very frequently have periods of entire tranquility; so, on the other hand, in the midst of calm the needles have periods of activity, sometimes of a few minutes' duration only, and then all is again still. The following are a few cases taken at random from many su ch:-1859, November 13, four slight deflections during the day. 14, two slight deflections during the day. W e have repeatedly doubled the size of the conducting wire in a given group, and in all instances have by the change increased, and to all appearance doubled the deflection. This was to be expected with a derived current under like conditions. It was done by Mr. Barlow, and with similar results, in 1847*.
The frequent occurrence of the words " hard over'' and " horizontal" in Table L , convey a good general idea of the violence of the storm and of the times when the greatest activity prevailed. 1 refrain from discussing this Table, because arrangements were subsequently made by which observations of a more definite character were made, and which have furnished data of greater value. To the examination of these data we now proceed.
In order to form some general idea of the comparative value of the currents that present themselves, I selected a telegraph station (Ramsgate) where there was a good observer, and where deflections occur at all times of disturbance, even when the currents are too feeble to attract attention elsewhere; and I placed there in the telegraph circuit of the Ashford-Margate group a graduated galvanometer. Certain preliminary expe riments were made with this galvanometer, in order to have some values of its deflections with which to make comparison. The results are given in Table II . I first took six cells of a battery of amalgamated zinc and platinized graphite, charged with 1 sulph. acid + 1 0 water, and obtained the deflections with one or more cells when the galva nometer and battery were alone in the circuit. The mean results are given in the fourth column.
The galvanometer was then permanently connected at Ramsgate in the MargateAshford circuit, the telegraph length of which is 51J m iles; and ordinary currents were sent through the circuit from cells of the common telegraph battery, the number of cells in use being varied. The results are given in the T able; three cells gave a deflection of 5°, and forty-eight a deflection of 62°; intermediate numbers intermediate amounts.
It was further noted that good telegraph signals produced a deflection of 60°; middling, one of 54°; and weak, one of 40°. Having thus a tolerable standard for reference, we could observe to better purpose.
Favourable opportunities occurred very soon after these arrangements were made, and of which we were able to avail ourselves, namely, on August 8, 9, 10, 11, and 12, and on September 7, 1860. The results are contained in Tables III. to V III. inclusive. These Tables do not contain the whole of the observations made on the respective days; there were other detached or interrupted observations before the commencement or after the completion of those tabulated. I have selected a portion of each day during which there was the least possible break of continuity in observing. For instance, on August 8, out of 6h 44m, only 37m are blank; on August 12, only 21m out of 10h 31m, and so on (see Table IX . b). The " tim e" column is accurate. A ll t receive time signals direct from the Royal Observatory, Greenwich, at least once a day. The " duration " column is subdivided into two parts, marked N. and S., which contain the time in minutes during which a positive current was flowing from the N. to the S. station, or from the S. to the N. station respectively. The " values " are given in degrees of the galvanometer already described; those under the Margate-Ashford heading are read off direct on the galvanometer; those under the Margate-Kamsgate heading are approximate values on the same galvanometer, obtained by observation on another instrument, which had previously been compared with the standard galvanometer. The majority of the observations contained in the six Tables were made at Kamsgate; in some cases, where an interruption occurred at that station, the blank has been supplied from the notes made at other stations; in such cases the approximate value has been estimated and a query (1 ) placed beside it. The series would be complete without the Margate-Kamsgate values; but I have collected and tabulated these for the special purpose of pointing out the very large amount of action, the great value to which a derived current will attain on so short a circuit as one of three miles only when well placed. It is very striking to read such values as 76°, 71°, 70°, 739, 86° under such circumstances. They equal the effect of four or five cells in short circuit; they exceed the effect from a good telegraph battery of forty-eight cells in an ordinary circuit.
They greatly exceed what are considered good telegraph signals; and hence we are not surprised to find that the ordinary battery current, as stated in the report from Dover already quoted, has not power enough in many instances to neutralize them. It is evident from these figures that wires of moderate length will suffice, especially when galvanometers of a more highly sensitive character than those before us are employed, for all the purposes of a magnetic observatory.
I have on each day of observation calculated the mean value of the N. and the S. currents in time and in degrees of deflection. The most complete series of observa tions are those made on September 7. They embrace a period of 9h 28m, with blank periods amounting to only 40 J minutes. It is very instructive to go through such a Table as this, and notice the frequent transitions, not merely from N. to S. currents, but from a N. current of high value to a S. current also of high value, and this in the course of a very few minutes. For instance, between 7h 19Jm and 7h 29m, that is to say in the course of only ten minutes, four high and alternate values are registered, 64°, 44°, 34°, and 38°. Many other like cases may be selected from the Tables before us.
These six groups of selected observations are analysed in Table IX . The total number of currents recorded on the six days are arranged according to their values in time. The number of currents on each day that had a duration of and min. are first given; then those of various lengths between one and five m inutes; and finally those for each interval of five minutes, beginning with those from six to ten minutes, and terminating with those between 61 and 120 minutes, which is the limit. The results of each day are given under the respective columns in the division of the Table marked a; and the sum for each time-value is given in the last column. Only 19 out of 389 currents, or 1 in 20, had a duration of less than a minute. The proportion between those currents which exceeded, and those which did not exceed five minutes in duration, was as 117:272, or as 1: 2*32. Of those which exceeded twenty minutes and those which fell between six minutes and twenty minutes, the proportion was 2 6 :9 1 , or p 2 1:3-5. Three currents are recorded as having continued for more than one hour; sixteen as having continued more than half an hour. The 1-mmute currents are most in number, namely, eighty, or nearly one-fifth of the w hole; the next in number are the 2-minute currents, seventy-five. Then follow the 3-minute and the 4-minute, the ^-minute and the 5-minute. The division b of the Table shows In Table X . the total number of currents are arranged according to their values in degrees; that is, according to their action on the galvanometer. In division a of the Table, the first column contains the galvanometric degrees, in divisions of 5° each, 1° to 5° being the first in the list, and 81° to 85° being the last. The column under each date is subdivided, the N. currents being entered under the first division, and the S. under the second. The sums of N. and of S. currents for each value are then given; and these are added to give the total of currents for each value. It will be seen, by referring back to Table II Tables we have now been discussing may be taken as good specimens of the general character of earth-currents; and of these I should be somewhat disposed to think that the observations made on September 7 are the most characteristic. Be this as it may, it comes out, from what we have recorded, that there is little difference of behaviour between the two kinds of currents. The S. currents, for instance, differ but little either in degree or in duration from the N. currents. It is not my purpose in this communication to set forth any theory as to the origin of the currents in question; neither is it my object to discuss the auroral theories. But there is a certain feature in M. D e la Hive's theory which fails in the presence of the facts before us, and which requires notice here from the confidence with which it is put forth. On the faith of a few observations made on the Berne-Zurich telegraph line between 8h and 9hA.M. on September 2, 1859, this philosopher arrives at the conclusion that the N. currents have a longer duration and are more powerful than the S. currents, and that the latter are merely due to the secondary polarities acquired by the earthplates when they have transmitted a derived N. current. H e calls the N. the direct current; and he says, " Nous pouvons done conclure de la, d'abord que le courant qui a la fois est le plus fort et dure le plus longtemps, est bien le courant direct perQU par le fil telegraphique, dont une des extremites plonge a Zurich dans le sol, et l'autre a Berne, et qu'il chemine bien du nord au midi, e'est a dire du pole nord a l 'equateur; nous sommes egalement conduits a regarder le courant inverse de moindre intensite et de moindre duree, comme provenant des polarites secondaires qu'acquierent les deux lames de cuivre plongees dans le sol, quand elles ont transmis dans un circuit ferm6, pendant quelques instants, une derivation du courant terrestre. Ces deux conclusions . . . . sont, comme on le comprend, tres precieuses pour la theorie, et elles confirment pleinement celle que j 'ai donnee dans ma premiere notice." Further on he adds, " En effet il n'y a -veritablement dans le sol, lors de 1'apparition de l'aurore, que ties courants diriges du nord au su d ; ces courants sont seulement d'une intensite variable d'un instant a l'autre. Quant aux courants inverses plus faibles, et d'une duree moindre, qu'indiquent les appareils, ils ne sont que l 'effet de la maniere dont on per §oit les premiers; les plaques de cuivre qui terminent les fils telegraphiques, et qui, plongees dans le sol servent de sondes pour deriver une portion des courants terrestres diriges du nord au sud, se polarisent bien vite, et donnent ainsi naissance a des courants inverses par l'effet des polarites secondaires qu'elles ontacquises*."
But from the figures before us it would be hard to say that either the N. or the S. current exceeds the other, either in value or in duration. Take for instance the high values, those exceeding 60°: if we have two N. currents between 61° and 65°, we have also two S .; the same is the case between 66° and 70°, and 71° and 75°. And with respect to duration, the N. currents on some days, and the S. currents on others, have a total excess in tim e; and if, on the one hand, the mean duration of each S. current is 0*09 minute less than that of the N. currents, the total flow of S. currents is 21 minutes greater. Were it otherwise, it would still be impossible to admit a polarization of elec-trodes that would continue active, and highly active too, not for minutes merely, but often for quarter and half hours. W e have no approach to such polarization in the ordi nary use of the telegraph. Besides, it could with equal propriety be attributed to the S. currents as to the N .; for all our experience thus far leads to the conclusion that no one thing can be said of the one class of current that cannot with equal truth and equal force be said of the other.
Had results such as those before us been made more public heretofore, the learned Professor of Geneva could not but have modified his view s; for with the proved exist ence of so large a quantity of S. current, he could scarcely have presented the auroral theory in its present form, because the N. currents entering at the polar regions and flowing southward is the essential feature of his theory.
W hile investigating the value and duration of earth-currents, our attention has hereto fore been almost confined to a solitary telegraph group, namely, to the Margate-Ashford lin e; and the currents of positive electricity found moving from Margate, the more north erly station, to Ashford, have in a general way been termed 1ST . currents, and vice versd. Table. I have selected eighteen pairs of telegraph terminal stations, each one differing from the other in azimuth, and have referred them to the magnetic in preference to the astronomical meridian, in order the more readily hereafter to compare the determined direction of earth-currents with the behaviour of the declination-needle during their existence. Table. From time to time I have secured simultaneous observations from more groups than one, frequently from several groups. It is not necessary to encumber this communica tion with specimens of all combinations. I have selected four, beginning at fig. 2 (already referred to, and which is the most simple but least instructive case), and con cluding with fig. 5 (which is the most full and conclusive). fig. 4 with fig. 1 , it will be seen that all these other groups, taken from Table X I. and entered in Table X II., fall between the two radii marked 17 and 26; they are in order N. 5, 13, 15, 32 and'28; so that we have here a large series of observations taken over a considerable area, of country, each confirming the accuracy of the other, and all conspiring to prove that the point of the horizon from which the earth-currents came in 1857, as well as in 1860, was situated somewhere between 46° and 88° E. of the magnetic north. I have in the several columns entered the values of the currents in the wordi of the observers. They are sufficiently characteristic.
On December 17, 1857 (which, by the by, was at the period of the earthquake that committed so much devastation in the kingdom of Naples, and of which a Report was presented to the Royal Society by Mr. R. Mallet, on May 24, I860*), the earth-# Proceedings of the Royal Society, vol. x. p. 486.
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1 0 5 current must have been very strong, seeing that the action was so great in both of the extreme groups, although their bearings with each other made an angle of no less than 138°, that the galvanometer needles in each case were described as being " hard over." In the later entries, which were of observations made subsequently to the erection of the graduated galvanometer at Ramsgate, the values are entered in degrees. If a query m occurs, it implies that the observation was made and the direction given, but the value was not noted. W hen blanks occur in the Table, it means that no observation was made on the group against which the blank appears, at the time in question. In all cases where simultaneous observations have been made, the direction of currents in intermediate groups is in strict conformity with the results obtained from the two extremes. And when the direction changes, as in Table X The contents of the reports referred to above, of the disturbances of Aug.-Sept. 1859, are too concise to contain materials from which the probable direction of the earthcurrents elsewhere may be determined with accuracy. But the little information they contain helps for the most part to confirm the conclusions to which we have arrived, and to indicate that the N.E. and S.W. general direction of the currents is not confined to the spot under consideration, but is more general. Zurich is here out of order in the value of its current; but it is further from Berne; the others are in due order; but in the absence of precise information as to the direc tion and simultaneity of the observations, accurate deductions could not be expected; and therefore too much reliance must not be placed on the results that come out. The same may be said of the following, which is the only other comparative case cited, and in which the observations were made during an interval of an hour and a half, and may not have been quite simultaneous. M. Here also, in the absence of the direction of the derived currents and of other neces sary data, bearing in mind also the very unequal lengths of the lines on which the observations were made, we cannot trace out why Paris is last instead of first in order.
Its distance is greatest.
• In the S.E. direction, which is at right angles with the inferred direction, he found that " the motion of the needles becomes undefined." The bearings of the groups nearest to S.E. which fell under his observation were S. 38° E. and S. 50° E. I have more than once called attention to the greater activity of the Margate-Ashford lin e; and have also pointed out the remarkable activity manifested by the short Rams gate-Margate line. There are other lines, differing but little in bearing from these, and equally or better favoured as to length, which have never been known to approach it in activity. Take, for instance, the Tonbridge-Hastings line, which differs in bearing from the Margate-Ramsgate by only 8° (see Table X I.). Currents are not very common on this lin e; when, however, they are observed, they always confirm the law as to , but always fall far below the Ramsgate-Margate in value. I have had only a solitary instance to quote in all four sections of Table X II., and this was of doubtful (1) value. Yet the length in one case is only three miles, and in the other twenty-six miles, in which latter, therefore, a greater rather than a less derived current might have been expected, and the more so as its galvanometers happen to be better.
Then, again, on comparing the respective values of the currents collected by the Mar gate-Ashford and the Ashford-Hastings wires, we find the same apparent contradic tions. The former is 9° and the latter 11° from the determined direction, the angular distance differing by only 2°; yet the currents in the latter are invariably marked as " slight " and " middling," when those in the former are " strong " and " very strong " (see Table X II.). There is no material difference in mileage.
Again, the bearing of the London-Dover line is the same as that of the ReadingRed Hill. Currents, some even of high value, are frequent in the former, but have been rarely noticed, and then only in very small amount in the latter.
These apparent anomalies lead to the conclusion that the amount of current travel ling through the substance of the earth during a magnetic storm is not the same in all parts of a large district; and this must needs be the case. The more favourably the con ducting materials may be disposed in the geological strata of a district, the greater the value of the current-drift along the same may be expected to be. W here the materials are of inferior conducting power and ill arranged, there will the current that is present have a lower value. In fact these currents travel, as might be anticipated, in the con ducting mass of the earth, just as they travel in all other conductors, and adjust and distribute themselves according to the known laws of resistance.
In Sturgeon's ' Annals of Electricity,' vol. i. p. 124, is a paper by Mr. H enwood " On the Electric Currents observed in some Metalliferous Veins," a discovery which the author rightly attributes to Mr. Fox*. In the ' Annual Reports ' of the Royal Poly technic Society of Cornwall for 1836, 1841, and 1842, are reports " On Mineral Veins," by R obert W ere F ox, and " On the Electricity of Mineral Veins," by R obert H unt and Professor P h il l ips. It is more than probable that the electric currents which were found by these gentlemen to be traversing the metallic veins in the mines of Cornwall, were in many instances portions of great floods of electricity, drifting along the district in which the mines were placed, forming in fact a portion of larger disturbances attend ing on magnetic storms. The derived currents which were collected by their galvano meters gave the same contradictory results as to direction that come out from any of our own cases, looked at individually; but in the papers before me I have no sufficient data from which to make groups of observations, in order to arrive at probable directions, nor do I gather whether changes of direction were noted. My impression is that I have heard of the value of currents being different, collected at different times at the same places. It would have been instructive, had it been possible, to compare some of the original notes made with the published magnetic observations of the Royal Observatory. I should scarcely think it possible when we collected electric currents of value so high in August and September 1859, by our probes or sounds thrust slightly into the earth, that the conducting metallic veins, large in bulk though more deeply beneath the sur face, took no part in the general work of conduction.
It will be seen that when the direction of the current changes in one length of tele graph wire, it changes also in all the others then under observation; so that, should observations upon earth-currents at any future time form part of the work of magnetic observatories, it will by no means be essential to have an absolute N.E. line of wire for determining general direction and changes. It may in many cases be inconvenient or impracticable to select this direction,-as with the Royal Observatory, at this moment. In order to obtain maximum results such direction will of course be preferable. The derived currents collected from the earth are higher in value in proportion as the con ducting wire is larger. It will therefore be better for comparative observations of values to select some wire most commonly met with,-as, for instance, No. 8 galvanized iron for suspension, being a wire inch in diameter, or, for buried wire, No. 16 copper, a wire inch in diameter. On the Map, Plate II., I have laid down the line of direction through Greenwich of a wire coinciding in azimuth with the resultant direction determined herein for the earth-currents. I apprehend that a wire extended in this direction from the Royal Observatory to the River Thames, a distance of a mile or thereabouts, with a sensitive galvanometer, or possibly a W e b e r 's dynamometer in circuit at the observatory, would enable the Astronomer Royal to study the general direction of earth-currents in juxta position with the movements of the magnetometers, and to obtain photographic registry of them side by side with those already recorded of the magnetic variations. For a further extension of the system to observations upon the actual azimuth, and the periodical or secular changes in such azimuth, a second wire in a direction at right angles to the other would be essential. Longer wires would necessarily be better.
It is not my purpose to enter into the complex problem of the magnetism proper of the earth, and of its variations. I am not competent to deal with these questions. Happily for science, they are well cared for in the hands of our Treasurer, the highly talented General Sabine. But having thus far succeeded in determining that there are actual currents of electricity, large in amount, travelling in now known directions through the mass of the earth, I have been naturally led to look at the magnetometers at observa tories simply as magnets, and to inquire whether their behaviour, during the prevalence of these active states of the earth, was in accordance or not with the known reactions of current electricity and magnetism. My inquiries at present are rather tentative than complete. My means of observation are less perfect than is the systematic organization of an observatory, especially when further aided as it is by the introduction of photo graphy. It may be also that the very small masses of metal of which my needles are formed are more readily moved, that is more promptly moved than are the larger masses of the declination magnetometer, or the horizontal-force magnetometer. I may or may not get changes in direction, when the transitions are quick, that are not recorded in the observatories. On the other hand, we on our part may omit to notice many changes. The best mode of making the comparison appeared to be to select some periods of what appeared the best and most continuous series of earth-current observa tions, and set them out in curves side by side with the curves registered at Greenwich or at Kew. My choice was limited to the series from August 8 to August 12, and that of September 7,1 8 6 0 , which have been before referred to, and given in detail in Tables  III. to It is expanded in the proportion of 1: 4. I had not the scale before m e ; the omission, however, is of no moment, for we are merely comparing general directions, not values. These curves do not correspond so fully as those of fig. 6 ; but in the more active portions the resemblance is sufficiently obvious. Fig. 8 is prepared from observations made on September 7,1860. My observations on that day were close and frequent, and a very large number were recorded. As it was not easy to trace the curve complete with a five-minute period between the verticals, X have therefore limited them to minutes; so that the Greenwich curve is expanded in the proportion of 1 1 9. There is a considerable resemblance between the two curves in this case also. It was a little difficult to read off the Greenwich photograms on this magni fied scale; the inflections I have traced out seem a little in arrear of those of the galva nometer. I am unfortunately almost without night observations, and am thus unable to make comparisons with some more manageable and conspicuous portions of the photograms. Other portions I have been constrained to pass over when the movements of the magnets have been continuous, and the photogram has been so accurate that a wide white band with jagged projections was recorded.
My morning observations on September 7 were many and good. I would fain have compared them with the Greenwich photogram; but it was unfortunately defective for those hours; and, by a strange coincidence, on turning to the Kew tracing, the photo gram there was defective at the same time.
I could scarcely expect to find a rigid correspondence between the two classes of results. The causes of magnetic disturbance are evidently of a mixed character, and remain to be determined. But I think the comparisons I have made between the movement of the magnet and the direction of the current, which, if not wholly, was, as I believe, in large part concerned in causing it to move, are sufficiently encouraging. Results of a more definite character would of a surety follow from a system of well-con certed observation, made under more favourable circumstances than we can expect to enjoy.
My attention was naturally directed also to the behaviour of the horizontal-force magnet during the times when the earth is thus active with electric currents. The position of the horizontal-force magnetometer is given by W .E. in fig. 5 , Plate III.,-the magnet being at right angles to the magnetic meridian, or to the declination magnet •N.S., its marked or north end being to the west, or in the position W . The tendency of the horizontal-force magnetometer under the influence of earth-currents is to take the position of the dotted line A B, at right angles to the resultant line R R \ The declino meter has a tendency to the same position under similar influence; so that, if no other causes than earth-currents were in operation, the motion of the horizontal-force mag netometer would be towards the north when that of the declination magnet was the north, and vice versd. And regarding the magnets merely as magnets, and without reference to the constrained suspension of the one as compared with the more free suspension of the other, the reaction of the earth-currents on the horizontal-force mag net might be expected to be greater than upon the declinometer, because of the less angle it makes with the resultant R R \ It might therefore be expected, as far as these sources of disturbance are concerned, that an increase of horizontal force would coin cide with an .increase in declination. This could hardly be expected to come out in every case, on account of the other and recondite causes of disturbance that are ever present.
On referring to such of the Greenwich photograms as are before me, I have selected those portions of the curves that show extreme departures from the mean position, and where the magnets are in tolerably steady motion. The cases which are in conformity with this -view are more frequent than those which are not in accordance with it. The following are some cases in which the maxima and minima, either or both, in any given day, coincide in point of time, both being large:- On the 3rd of this September the magnets were very active; and from the third to the sixth hour there was a very bold and remarkable increasing curve for both instru ments; and from about the sixth to the tenth hour an equally conspicuous decreasing curve. For the present, these examples must be accepted as general illustrations, and as suggestions to point out the direction in which the further pursuit of these inquiries may be most profitably carried on.
One or two questions have occurred to me while discussing these observations, which I had proposed to solve on the first day of disturbance that presented itself. From September 7, 1860, to January 20, 1861, the day on which I am writing, that is, for the unusually long period of five months, the earth has been almost inactive. Not a single storm-day has occurred: two or three solitary currents, small in value and brief in duration, have occasionally, though but rarely, been collected; but with these rare exceptions, it has been a period of perfect calm.
Since writing the last sentence, the returns for the week ending January 26 have reached me, from which I perceive that the earth was again showing signs of a relapse into an active state. Currents made their appearance in tolerable numbers from January 22 to January 26 inclusive, especially on January 24; on which day I notice that from 6.30 to 6.37 the Margate-Ashford needles were horizontal for a north current, and from 6.37 to 6.52 were horizontal for a south current. Other high values occurred throughout these days. On January 26 the observer at Ramsgate noticed " that the deflections, instead of moving steadily as usual, kept continually oscillating, more particularly at 1.35 p . m ., when they incessantly went from right to left, making somewhat sudden move ments for twelve minutes*." I have made no reference in this communication to feeble currents, which are possibly at all times to be collected from the earth, and in which a periodicity has been traced, but have strictly confined myself to the larger disturbances, the concomitants of " Magnetic Storms." Nor have I made any attempt to trace the origin of these earthcurrents, or to offer any theoretical views thereon. I find current-electricity in the earth in a very marked degree at certain times; I simply take it as I find it, and endeavour to arrange the facts in some degree of order, so as to throw a little more light than we have heretofore possessed upon these interesting phenomena. I have touched very lightly upon terrestrial magnetism, and have given no suggestion as to the probable causes of disturbance, save in the one case that necessarily arises out of the present inquiry. Other influences than those exerted by electric currents upon magnets may or may not be in play; but one thing is very certain, that at least a large portion of the motion presented by the magnetometers on storm-days is connected with the then prevalence of earth-currents; and doubtless some portion of all the more regular and less violent disturbances may be more or less due to the same causes. At any rate, although we are considerably in the dark as to the forms of force in operation to make up the whole of the causes concerned in magnetic disturbance, we are yet quite certain that the current-form of force is at least in concerned. But we can collect this force, and measure it, and deal with it independently. W e can receive the results and record them photographically, as foreshadowed by the Astronomer Koyal, side by side with those presented by the magnetometers. And doubtless should such combined results come at any future day under discussion, and the more so should they pass into the hands of General Sabine, he would devise a method of eliminating the values due to these known causes, that is, due to earth-currents absolutely collected, and would by so doing render the values thus corrected more manageable, and might get one step nearer towards penetrating into the more recondite causes of the earth's magnetism and its variations. This will not be accomplished until Mr. A iry's suggestion is brought to bear, and the duties of a magnetic observatory shall be extended to the observation of earth-currents. I hope, ere long, that some attempts of this kind may be made. Preli minary observations are necessary before endeavours are made to organize a system that shall admit of general application. An electrical survey of the mass of the earth pro mises to be rich in results akin to those presented by the magnetic survey. They are evidently twin phenomena. The magnetic survey requires three instruments and their adjuncts, and a considerable amount of delicate manipulation. An electrical survey would require, as far as one can yet see, a single instrument only, after the resultant line for the place had been determined, and no larger amount, if so large, of manipula tive skill. .............................. [lime.
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